Introduction {#section5-2042018819897522}
============

Diabetes mellitus (DM), a demanding and progressive disease usually resulting in serious short- and long-term consequences, is a burden to public health.^[@bibr1-2042018819897522]^ In 2013, the number of people aged between 20 and 79 years living with DM worldwide was 382 million, the global number increased to 424.9 million in 2017.^[@bibr2-2042018819897522],[@bibr3-2042018819897522]^ Moreover, the projected global number by 2045 is 592 million, about 10% of world population.^[@bibr3-2042018819897522]^ Additionally, people with DM have nearly twice the mortality rate of their healthy counterparts.^[@bibr4-2042018819897522]^ DM-related complications, such as cardiovascular diseases (CVD), are likely to jeopardize the quality of life of people with DM.^[@bibr5-2042018819897522]^ Therefore, establishing diabetes self-care behaviors to help people with DM to manage their illness is deemed to be an appropriate method to improve their health.^[@bibr6-2042018819897522]^

Four diabetes self-care behaviors have been identified as important management strategies to help people with DM maintain or improve their health: diet control, exercise, blood glucose monitoring through hemoglobin A1c (HbA1c), and foot care.^[@bibr1-2042018819897522],[@bibr7-2042018819897522],[@bibr8-2042018819897522]^ The Patient Empowerment Program (PEP) was developed in 2010 by the Hong Kong Hospital Authority to improve the diabetes self-care behaviors of people with DM through improving their knowledge, skills, and sense of empowerment.^[@bibr9-2042018819897522]^ The PEP was found to reduce general outpatient clinic utilization rates,^[@bibr10-2042018819897522]^ decrease all-cause mortality and CVD rates,^[@bibr11-2042018819897522]^ and improve quality of life.^[@bibr12-2042018819897522]^ All these promising results may be due to changes in diabetes self-care behaviors in DM management.^[@bibr9-2042018819897522]^

The PEP adopts the fundamental concept that 'patient empowerment is a process where people gain greater control over decisions affecting their health'^[@bibr13-2042018819897522]^; however, to the best of our knowledge, no studies have applied any theoretical model to explain such health-related behaviors by testing the relationships of various underlying psychological processes (i.e. the routes and paths of underlying factors in the mind of an individual that contribute to complex human behaviors) of the PEP. Therefore, a theoretical model is warranted to help healthcare providers understand the effectiveness of the PEP. Specifically, a theoretical model can help us understand why the PEP works, and, thus, provide a conceptual framework that allows replicated effective interventions in other contexts.^[@bibr14-2042018819897522]^ In this paper, we propose to construct a modified Theory of Planned Behavior (TPB) to explain the effects of empowerment enrollment in PEP on the behaviors of people with DM through behavioral intention.

In the original TPB, the followings are triggers for an individual to have a behavioral intention to engage in a healthy behavior: attitude (a person's cognitive and affective evaluation of a healthy behavior such as exercise as being good for them to manage their DM); subjective norms (the important people in a person's life who encourage the person to perform healthy behaviors, such as 'my spouse would like me to exercise to manage my DM)'; and perceived behavioral control (the confidence or capability to perform a healthy behavior, such as 'I am confident to do exercises for DM management').^[@bibr15-2042018819897522]^ In addition, perceived behavioral control contributes to the engagement of the final behavior (e.g. the diabetes self-care behaviors in this study). However, the parsimony of the TPB has been criticized as insufficient in explaining a complicated psychological mechanism.^[@bibr16-2042018819897522]^ For these reasons, studies have suggested modifying the TPB to include important factors to explain specific behaviors in respective contexts (e.g. risk perception for behaviors that may contribute to health problems).^[@bibr17-2042018819897522][@bibr18-2042018819897522][@bibr19-2042018819897522][@bibr20-2042018819897522][@bibr21-2042018819897522][@bibr22-2042018819897522]--[@bibr23-2042018819897522]^ Although all the original TPB factors are relevant to people with DM (e.g.^[@bibr24-2042018819897522],[@bibr25-2042018819897522]^), adding other relevant underlying factors, such as the risk perception mentioned above, may increase the capability of TPB to explain behaviors for people with DM.

Health literacy and risk perception were added because both factors help an individual judge the importance of a healthy behavior.^[@bibr26-2042018819897522][@bibr27-2042018819897522]--[@bibr28-2042018819897522]^ For example, a person with DM who has good health literacy in DM management knows that exercise is important, and may have higher intention to exercise than a person with DM who does not have such knowledge. Also, if a person with DM acknowledges that excessive sugar intake may worsen the symptoms (a kind of risk perception), he or she may not want to consume sugar. Moreover, enrollment in empowerment sessions in PEP was included in the modified TPB because the empowerment concept indicates the need to provide the capability for patients to engage in health decision-making. Thus, attending PEP sessions may enhance the behavioral intention of a person with DM to perform appropriate diabetes self-care behaviors.

Thus, we proposed a modified TPB for people with DM attending PEP, by adding the concepts of health literacy and risk perception. Additionally, we treated enrollment of empowerment sessions in the PEP as an exploratory variable in the modified TPB to assess whether enrollment of empowerment sessions in the PEP works on behavioral intention, and finally change the diabetes self-care behaviors of people with DM. In the modified TPB, the six factors were hypothesized to predict behavioral intention: attitude, subjective norm, perceived behavioral control, health literacy, risk perception, and enrollment in empowerment sessions. Perceived behavioral control and behavioral intention were hypothesized to explain four types of diabetes self-care behaviors: diet control, exercise, blood glucose monitoring, and foot care. Moreover, behavioral intention was hypothesized to be a mediator in the modified TPB.

Methods {#section6-2042018819897522}
=======

Before commencement, the study was examined and approved by the Departmental Research Committee, Department of Rehabilitation Sciences, The Hong Kong Polytechnic University.

Study design and procedures {#section7-2042018819897522}
---------------------------

A longitudinal design was used.

### Participant recruitment {#section8-2042018819897522}

Participants were recruited from patients with DM who were referred to the PEP by medical doctors at general outpatient clinics. Specifically, participants were recruited from one community-based organization, which served four areas in Hong Kong during the study period. The inclusion criteria included: 18 years of age or above, diagnosed with type 2 DM by medical officers, and volunteering to participate in the study. Several research assistants first explained the objectives and procedures of the study to eligible participants before the commencement of the PEP. Those who were interested in the study were then requested to provide written informed consent. After signing consent, the participants completed the set of questionnaires with support from the research assistants. The participants were approached again by the research assistants 3 months after the first assessment to complete part of the same set of questionnaires.

### Patient empowerment program {#section9-2042018819897522}

PEP, a primary care initiative collaborated by the Hospital Authority and nongovernment organizations in Hong Kong SAR under Family Medicine, consists of two components: two education sessions conducted by nurses and five empowerment sessions on DM self-management conducted by trained health professionals such as social workers. In brief, the entire PEP comprises seminars and empowerment sessions, where all participants attended all seminars, and over 90% of participants who enrolled in the empowerment sessions completed all sessions. The education sessions were conducted using seminars. Specifically, all participants were first given a seminar delivering health knowledge on diabetes care, and some attended the empowerment sessions based on their autonomy. The empowerment sessions were conducted using small-group interactive workshops. Specifically, social workers and healthcare providers used different methods to enlarge the patient's perception on his or her contribution to decisions making. Moreover, self-efficacy and self-management behaviors were taught in these sessions using the design of the Stanford Chronic Disease Self-management Program.^[@bibr9-2042018819897522]^ In brief, education sessions focused more on information delivery, and the empowerment sessions emphasized a more hands-on practice (such as practicing action planning, problem solving, and experience sharing). Other detailed information on PEP is described elsewhere.^[@bibr9-2042018819897522][@bibr10-2042018819897522][@bibr11-2042018819897522]--[@bibr12-2042018819897522]^

Instruments {#section10-2042018819897522}
-----------

All the following measures were administered to DM patients at baseline. Behavioral intention and diabetes self-care behaviors were assessed again at the end of the PEP (i.e. the post-test conducted 3 months after the baseline).

Health literacy was measured using 15 multiple-choice questions described in the Chinese Health Literacy Scale for Diabetes,^[@bibr29-2042018819897522]^ which measures the capability of a respondent regarding their understanding and processing of basic health information that assists in health decisions. A higher score represents better knowledge in health literacy. The basic psychometric properties of the Chinese Health Literacy Scale for Diabetes were acceptable in the current sample: Cronbach's α = 0.88.

Risk perception was measured by the Risk Perception Survey for Developing Diabetes,^[@bibr30-2042018819897522]^ which was recently translated into Chinese with established linguistic validity and acceptable psychometric properties.^[@bibr9-2042018819897522]^ A higher score indicates a higher level of risk perception in diabetes. The basic psychometric properties of the Chinese Risk Perception Survey for Developing Diabetes were acceptable in the current sample: Cronbach's α = 0.78.

Diabetes self-efficacy was used to capture the perceived behavioral control in the TPB, and was measured using eight items rated on a 1--10 scale, where 1 indicates no confidence at all and 10 indicates full confidence.^[@bibr31-2042018819897522]^ The Diabetes Self-Efficacy Scale was recently translated into Chinese with established linguistic validity and acceptable psychometric properties.^[@bibr9-2042018819897522]^ A higher score indicates a higher level of behavioral control in diabetes. The basic psychometric properties of the Diabetes Self-Efficacy Scale were acceptable in the current sample: Cronbach's α = 0.81.

Attitude was measured using four items rated on a five-point Likert-type scale (1 = strongly disagree; 5 = strongly agree) designed by the authors. These four items were designed according to the major components of PEP including regular exercises, emotional management, problem solving, and health information seeking. A sample item is 'Doing exercise such as jogging, swimming, and bicycling can improve your health.' A higher score indicates better attitude toward engaging diabetes self-care behaviors. The basic psychometric properties of the four items were acceptable in the current sample: Cronbach's α = 0.77.

Subjective norm was measured using four items on how the family members of the participants encourage and support them to perform diabetes self-care behaviors using a five-point Likert-type scale (1 = strongly disagree; 5 = strongly agree). A higher score indicates a higher level of subjective norm. These four items were designed according to various roles of family members highlighted in the intervention. The basic psychometric properties of the four items were acceptable in the current sample: Cronbach's α = 0.71.

Behavioral intention was measured using eight items retrieved from the Chinese version of the University of Rhode Island Change Assessment and rated on a five-point Likert-type scale (1 = strongly disagree; 5 = strongly agree).^[@bibr32-2042018819897522]^ A higher score indicates more intention to engage in diabetes self-care behaviors. The basic psychometric properties of the four items were acceptable in the current sample: Cronbach's α = 0.70 (baseline measure) and 0.75 (post-test).

Diabetes self-care behaviors were measured using eight items retrieved from the Summary of Diabetes Self-Care Activities, which measures the self-perceived performance of a respondent on four behaviors (diet control, exercise, blood glucose monitoring, and foot care) in the past 7 days.^[@bibr8-2042018819897522]^ The original diet control subscale in the Summary of Diabetes Self-Care Activities contains four items (two on general eating plan and another two on frequency of servings of fruits and vegetables), and we used only two frequency items in the current study. The main reason is because the general eating plan reflects less on the actual diabetes self-care behaviors, and more on the cognitive aspect of the behaviors; that is, planning for diabetic diet. For example, a person plans to eat vegetables does not mean that the person actually eats vegetables. The person may plan to eat vegetables and finally does not eat them because of other barriers. Therefore, we considered that a general eating plan cannot indicate whether a patient with DM really engaged in self-care behaviors. A higher score in the Summary of Diabetes Self-Care Activities indicates better diabetes self-care behaviors. Given that the four behaviors were different, we separated these behaviors in our analyses.

Data analysis {#section11-2042018819897522}
-------------

In addition to the descriptive statistics, we used paired *t* tests to examine the changes in diabetes self-care behaviors for the entire sample, for the subsample who enrolled in the empowerment sessions (*n* = 209), and for the subsample who did not enroll in the empowerment sessions (*n* = 156).

A modified TPB on the whole sample was examined using structural equation modeling (SEM) (*n* = 365). In the SEM, we examined whether health literacy, risk perception, attitude, perceived behavioral control, and enrollment of empowerment sessions (yes *versus* no) predicted post-test behavioral intention, and whether perceived behavioral control and post-test behavioral intention explained each diabetes self-care behavior: diet control, exercise, blood glucose monitoring, and foot care. In addition, baseline behavioral intention and diabetes self-care behaviors were controlled in the SEM ([Figure 1](#fig1-2042018819897522){ref-type="fig"}). The fitness of the proposed model was estimated using the diagonally weighted least-square method, and examined using the following criteria in the fit indices: a nonsignificant Chi-square test, comparative fit index (CFI), Tucker-Lewis index (TLI) \>0.9, root mean square error of approximation (RMSEA), standardized root mean square residual (SRMR) \<0.08, and weighted root mean square residual (WRMR) \<1.0.^[@bibr22-2042018819897522],[@bibr33-2042018819897522],[@bibr34-2042018819897522]^ Moreover, given that behavioral intention could be a mediator in the modified TPB, we further used a bootstrapping method to examine whether the mediated effect was significant using a bootstrap-based *p*-value \< 0.05.

![The examined modified TPB model and the result.\
BI, baseline intention; PBC, perceived behavioral control; PI, post-test intention; TPB theory of planned behavior.](10.1177_2042018819897522-fig1){#fig1-2042018819897522}

In both regression and SEM analyses, missing values were tackled using multiple imputation methods. Additionally, the missing values occurred in the post-test self-management behaviors (29.0% in diet control and foot care; 29.6% in exercise; 30.1% in blood glucose monitoring).

All the descriptive statistics and paired *t* tests were performed using SPSS 23.0 (IBM, Armonk, NY, USA); the SEM and the bootstrapping method were conducted using the lavaan package in R software (<http://lavaan.ugent.be/>).

Results {#section12-2042018819897522}
=======

After approaching 744 patients with DM, 365 agreed to participate in the study. The mean age (SD) of the 365 participants was 62.94 (9.56) years, mean duration of having DM was 5.00 (6.47) years, and slightly less than half were males (41.4%). Nearly three-quarters of the participants had been married (74.2%). [Table 1](#table1-2042018819897522){ref-type="table"} presents the participants' scores for risk perception, perceived behavioral control, health literacy, attitude, and behavioral intention.

###### 

Participant characteristics (*n* = 365).

![](10.1177_2042018819897522-table1)

  ------------------------------------------------------ -------------
  Age (year); M ± SD                                     62.9 ± 9.6
  Gender (male); *n* (%)                                 151 (41.4)
  Marital status (married); *n* (%)                      271 (74.2)
  Educational level (primary or below); *n* (%)          163 (44.7)
  Occupation (full or part time employed); *n* (%)       116 (31.8)
  Duration of having diabetes mellitus (years); M ± SD   5.00 ± 6.47
  Enrollment of empowerment sessions; *n* (%)            210 (57.5)
  Risk perception (0--5 MCQ); M ± SD                     2.71 ± 0.30
  Perceived behavioral control (1--10 scale); M ± SD     7.12 ± 1.69
  Health literacy (0--15 MCQ); M ± SD                    9.92 ± 4.15
  Attitude (1--5 Likert scale); M ± SD                   4.03 ± 0.41
  Subjective norm (1--5 Likert scale); M ± SD            3.42 ± 0.63
  Baseline intention (1--5 Likert scale); M ± SD         3.99 ± 0.33
  Follow-up intention (1--5 Likert scale); M ± SD        3.93 ± 0.32
  ------------------------------------------------------ -------------

M, mean; MCQ, multiple-choice question; N, frequency; SD, standard deviation.

Diabetes self-care behaviors were significantly improved at post-test compared with baseline scores (*p* = 0.028 for diet control; \<0.001 for exercise, blood glucose monitoring, and foot care) using the whole sample. After stratifying the sample into two subsamples (with and without the empowerment sessions), the improvement was stronger in the subsample with empowerment sessions (*p* \< 0.001 for all behaviors) than for the subsample without empowerment sessions (*p* = 0.13 for diet control, 0.008 for exercise, 0.023 for blood glucose monitoring, and 0.042 for foot care; [Table 2](#table2-2042018819897522){ref-type="table"}).

###### 

Changes in self-management behavior.

![](10.1177_2042018819897522-table2)

  Behavior                                       Baseline score   Post score   Difference (*p* value)
  ---------------------------------------------- ---------------- ------------ ------------------------
  **All participants**                                                         
  Diet control (*n* = 259)                       4.97             5.28         0.31 (0.028)
  Exercise (*n* = 257)                           3.91             4.78         0.87 (\<0.001)
  Blood glucose monitoring (*n* = 255)           0.83             1.81         0.98 (\<0.001)
  Foot care (*n* = 259)                          2.11             3.20         1.09 (\<0.001)
  **Enrolled in the empowerment sessions**                                     
  Diet control (*n* = 160)                       4.66             5.34         0.68 (\<0.001)
  Exercise (*n* = 159)                           3.95             5.01         1.06 (\<0.001)
  Blood glucose monitoring (*n* = 156)           0.70             2.06         1.36 (\<0.001)
  Foot care (*n* = 159)                          2.11             3.54         1.43 (\<0.001)
  **Not enrolled in the empowerment sessions**                                 
  Diet control (*n* = 99)                        5.48             5.19         −0.29 (0.13)
  Exercise (*n* = 98)                            3.84             4.40         0.57 (0.008)
  Blood glucose monitoring (*n* = 99)            1.04             1.42         0.38 (0.023)
  Foot care (*n* = 100)                          2.12             2.67         0.55 (0.042)

The modified TPB showed satisfactory fit, except for the significant Chi-square test (χ^2^ = 674.748; df = 530; *p* \< 0.001), CFI = 0.927, TLI = 0.917, RMSEA (90% CI) = 0.027 (0.021, 0.033), SRMR = 0.056, and WRMR = 1.007. Moreover, baseline intention \[standardized coefficient (β) = 0.258; *p* \< 0.001\], health literacy (β = 0.117, *p* = 0.028), risk perception (β = 0.098, *p* = 0.029), subjective norm (β = 0.180, *p* = 0.001), perceived behavioral control (β = 0.115, *p* = 0.003), and, with the empowerment sessions (β = 0.288, *p* \< 0.001), significantly predicted post-test behavioral intention. The post-test behavioral intention was significantly associated with three behaviors: exercise (β = 0.287, *p* \< 0.001), blood glucose monitoring (β = 0.229, *p* = 0.001), and foot care (β = 0.441, *p* \< 0.001) ([Table 3](#table3-2042018819897522){ref-type="table"}). Bootstrapping further examined the mediated effects of behavioral intention; the results showed that the effects of empowerment sessions on exercise and foot care behaviors were all mediated by behavioral intention ([Table 4](#table4-2042018819897522){ref-type="table"}).

###### 

Results of proposed model.

![](10.1177_2042018819897522-table3)

  Dependent variable                                                                Coefficient   SE      *p*-value   Standardized coefficient
  --------------------------------------------------------------------------------- ------------- ------- ----------- --------------------------
  **Post-test intention** ^[a](#table-fn2-2042018819897522){ref-type="table-fn"}^                                     
   Baseline intention^[b](#table-fn3-2042018819897522){ref-type="table-fn"}^        0.323         0.080   \<0.001     0.258
   Health literacy                                                                  0.009         0.003   0.028       0.117
   Risk perception                                                                  0.106         0.049   0.029       0.098
   Attitude^[c](#table-fn4-2042018819897522){ref-type="table-fn"}^                  −0.022        0.020   0.271       −0.041
   Subjective norm^[d](#table-fn5-2042018819897522){ref-type="table-fn"}^           0.099         0.030   0.001       0.180
   Perceived behavioral control                                                     0.023         0.008   0.003       0.115
   Empowerment sessions (Yes)                                                       0.189         0.033   \<0.001     0.288
  **Post-test diet control**                                                                                          
   Baseline diet control                                                            0.165         0.052   0.001       0.195
   Post-measured intention                                                          0.116         0.177   0.53        0.022
   Perceived behavioral control                                                     0.171         0.060   0.005       0.165
  **Post-test exercise**                                                                                              
   Baseline exercise                                                                0.412         0.063   \<0.001     0.456
   Post-measured intention                                                          1.050         0.287   \<0.001     0.158
   Perceived behavioral control                                                     0.022         0.093   0.82        0.017
  **Post-test blood glucose monitoring**                                                                              
   Baseline blood glucose monitoring                                                0.658         0.132   \<0.001     0.505
   Post-measured intention                                                          0.730         0.229   0.001       0.122
   Perceived behavioral control                                                     −0.017        0.064   0.79        −0.014
  **Post-test foot care**                                                                                             
   Baseline foot care                                                               0.396         0.067   \<0.001     0.370
   Post-measured intention                                                          2.808         0.441   \<0.001     0.343
   Perceived behavioral control                                                     −0.046        0.092   0.62        −0.029

The standardized factor loadings for items on baseline intention were all significant and ranged from 0.31 to 0.51.

The standardized factor loadings for items on post-measured intention were all significant and ranged from 0.34 to 0.73.

The standardized factor loadings for items on attitude were all significant and ranged from 0.66 to 0.88.

The standardized factor loadings for items on subjective norm were all significant and ranged from 0.53 to 0.70.

###### 

Mediated effects of intention using bootstrapping method.

![](10.1177_2042018819897522-table4)

  Behavior                   Independent variable   Coefficient (bootstrap SE)/*p* value   Standardized coefficient
  -------------------------- ---------------------- -------------------------------------- --------------------------
  Diet control               Health literacy        0.001 (0.004)/0.79                     0.003
  Exercise                   Health literacy        0.009 (0.013)/0.47                     0.018
  Blood glucose monitoring   Health literacy        0.007 (0.010)/0.49                     0.014
  Foot care                  Health literacy        0.025 (0.034)/0.45                     0.040
  Diet control               Risk perception        0.012 (0.044)/0.78                     0.002
  Exercise                   Risk perception        0.111 (0.096)/0.25                     0.015
  Blood glucose monitoring   Risk perception        0.077 (0.073)/0.29                     0.012
  Foot care                  Risk perception        0.297 (0.219)/0.18                     0.034
  Diet control               Subjective norm        0.011 (0.045)/0.80                     0.004
  Exercise                   Subjective norm        0.104 (0.102)/0.31                     0.028
  Blood glucose monitoring   Subjective norm        0.072 (0.069)/0.29                     0.022
  Foot care                  Subjective norm        0.277 (0.220)/0.21                     0.062
  Diet control               PBC                    0.003 (0.009)/0.78                     0.003
  Exercise                   PBC                    0.024 (0.026)/0.35                     0.018
  Blood glucose monitoring   PBC                    0.016 (0.018)/0.37                     0.014
  Foot care                  PBC                    0.063 (0.055)/0.25                     0.039
  Diet control               Empowerment            0.022 (0.061)/0.72                     0.006
  Exercise                   Empowerment            0.198 (0.095)/0.04                     0.045
  Blood glucose monitoring   Empowerment            0.138 (0.080)/0.09                     0.035
  Foot care                  Empowerment            0.530 (0.141)/\<0.001                  0.099

PBC, perceived behavioral control; SE, standard error.

Discussion {#section13-2042018819897522}
==========

Similar to the findings of Cheung and his colleagues,^[@bibr9-2042018819897522]^ our results indicated that PEP is an effective program in improving diabetes self-care behaviors. Although we found that participants who did not enroll in the empowerment sessions also had improved diabetes self-care behaviors, our analyses showed that those who had attended the empowerment sessions gained more improvement than those who did not attend the empowerment sessions of PEP. Because all participants had attended a seminar introducing the importance of diabetes self-care behaviors, those who did not attend empowerment sessions might have gained the benefits in the seminar and subsequently improved their diabetes self-care behaviors. Nevertheless, the effects of attending the empowerment sessions of PEP were promising, and were partly explained by the modified TPB. The modified TPB revealed that the empowerment sessions of PEP had significant effects on the behavioral intention of participants with DM, and that behavioral intention was associated with increases in the participants' performance on the three diabetes self-care behaviors: exercise, blood glucose monitoring, and foot care.

With improvement in diabetes self-care behaviors, people with DM are likely to gain health benefits, as shown by Wong and colleagues.^[@bibr10-2042018819897522][@bibr11-2042018819897522]--[@bibr12-2042018819897522]^ The modified TPB we proposed, however, explained only part of the effects of the empowerment sessions on diabetes self-care behaviors. That is, the modified TPB showed that behavioral intention was significantly associated with engagements in exercise, blood glucose monitoring, and foot care. Therefore, the modified TPB demonstrates that people with DM who attended more empowerment sessions in the PEP had more health-protective behaviors (i.e. more frequent diabetes self-care behaviors) through elevated behavioral intention. However, given that we did not assess the level of empowerment for participants, one cannot conclude whether the improved diabetes self-care behaviors are caused by patient empowerment. Specifically, there are two possibilities to explain the positive relationships we found in the modified TPB: first, when the participants were empowered (i.e. making decisions on their owns), they exhibited health-protective behaviors; second, when the participants were influenced by healthcare providers (i.e. not making decisions on their owns), they had health-damaging behaviors. These two possible conditions can both result in a positive relationship between enrollment of empowerment sessions and diabetes self-care behaviors. Therefore, future studies are needed to further clarify the degree to which condition more reflects reality.

Dietary control was not significantly correlated with behavioral intention in the modified TPB. A possible explanation is that the benefits of dietary control are well known in the general population.^[@bibr26-2042018819897522],[@bibr35-2042018819897522]^ In other words, our participants might have had good diet control before they entered the PEP. Our findings in diabetes self-care behaviors showed that the participants had higher scores and lower improvements in diet control (4.97 at baseline and 5.28 at post-test) as compared with exercise (3.91 at baseline and 4.78 at post-test), blood glucose monitoring (0.83 at baseline and 1.81 at post-test), and foot care (2.11 at baseline and 3.20 at post-test). As having good diet control was already shaped before behavioral intention, our participants might not have gained further benefits from elevated behavioral intention.

The strength of this study includes applying a psychological model to explain the PEP effects on a relatively large sample (*n* = 365) with DM. Also, a longitudinal study with a 3-month post-test provides stronger evidence of causal relationships to determine PEP effects.

There are several limitations to this study. First, participants were recruited from one operating organization. Patients with DM who received healthcare services from other operating organizations were not included in this study. Given that the PEP might be conducted differently in different operating organizations, this may limit the external validity of our findings. Second, the diabetes self-care behaviors were based on patient subjective self-report, and we were unable to exclude the effects of recall bias and social desirability, particularly in older patients. Future studies using objective measures are thus encouraged. Alongside this limitation, some of our questionnaire items were designed to specify 'diabetes' and may sound artificial and illogical to respondents. Future research should consider whether it is necessary to use the term 'diabetes' specifically when designing questionnaire items. Moreover, the items on attitude and subjective norm were designed by the authors according to their past PEP experience. Therefore, the validity of attitude and subjective norm may not be perfect. However, we believe that this will not be a serious problem given the high internal consistency of our findings (α = 0.77 for attitude and 0.71 for subjective norm).

Third, all the participants were diagnosed as type 2 DM; our results cannot be generalized to those with type 1 DM. Although the prevalence of type 1 DM is much less than that of type 2 DM,^[@bibr36-2042018819897522]^ people with type 1 DM are also likely to benefit from PEP. Future studies including patients with type 1 DM are thus recommended. Fourth, although we measured four important diabetes self-care behaviors for our patients with type 2 DM, we did not assess their adherence to medication. Given that medication adherence is another important diabetes self-care behavior for people with type 2 DM, future studies are warranted to see whether our modified TPB model with enrollment of empowerment sessions can explain medication adherence. Fifth, our study is not a randomized controlled trial. With the lack of a control group, caution should be taken when making conclusions on the effectiveness of the PEP. Nevertheless, our results provide somewhat strong evidence of the causal relationship between other baseline measures (i.e. risk perception, attitude, and empowerment sessions) and behavioral intention. Last, we did not actually measure the level of psychological empowerment of participants. Rather, we simply postulated that, if a participant attended empowerment sessions, the participant was empowered. However, attending empowerment sessions is not equivalent to having a high level of empowerment. Therefore, future studies are warranted, and these should use a validated instrument to assess empowerment and additionally investigate whether our postulation is supported.^[@bibr37-2042018819897522]^

Conclusion {#section14-2042018819897522}
==========

In conclusion, the modified TPB describes why the PEP is an effective program to improve the diabetes self-care behaviors of people with type 2 DM. Healthcare providers may consider incorporating other techniques in the PEP (e.g. cognitive behavioral and motivational interviewing techniques) to enhance the behavioral intention for people with DM; thus, their behaviors in exercise, blood glucose monitoring, and foot care can be improved. However, behavioral intention showed no effect on changes in diet control and exercise. Thus, future studies are encouraged to examine other possible mechanisms to explain the effectiveness of PEP on diet control and exercise behaviors.

Using our results, two implications can be applied in clinical settings. First, we found that better health literacy, higher risk perception, higher level of subjective norm, and greater perceived behavioral control toward diabetes self-care behaviors had positive effects on behavioral intention, and, consequently, improved exercise, blood glucose monitoring, and foot care for our participants. Therefore, healthcare providers may want to enhance health literacy, risk perception, subjective norm, and perceived behavioral control for people with DM. That is, our results echo the suggestion made by Cheung and his colleagues (p. 1895) that 'modification of the current content of PEP could thus include the addition of an element to enhance patients' risk perception by operating organizations.'^[@bibr9-2042018819897522]^ Moreover, the addition may also include increasing perceived behavioral control since other studies have shown the effects of perceived behavioral control on self-management skills among people with chronic illness.^[@bibr38-2042018819897522],[@bibr39-2042018819897522]^ Second, behavioral intention was a significant mediator between PEP and two behaviors (exercise and foot care) in our modified model. Additionally, the association between behavioral intention and the two behaviors was strongly significant. Thus, healthcare providers may consider incorporating other techniques in the PEP to improve the behavioral intention for people with DM.
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